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[Claim(s)] 

[Claim 1] The metal oxide film 
(titanium) oxide, Zr (zirconium) 
CVD system which forms the colm 
By contacting the chlorine-basec 
metal oxide film deposited on 
The cleaning approach of the C\ 
compound metal oxide film, and 
[Claim 2] The cleaning approach 
outside said reaction chamber 
system according to claim 1 . 
[Claim 3] The cleaning approach 
in said reaction chamber using 
according to claim 1 . 
[Claim 4] It is the cleaning approach 
one kind of gas of C12, BC13, 
CVD system given in any 1 term 
[Claim 5] The metal oxide film 
(titanium) oxide, Zr (zirconium) 
of the CVD system which forms 
oxides. By contacting the chlorirle 
deposited in said reaction chamber 
approach of the CVD system whjich 
is characterized by introducing 
2nd step. 

[Claim 6] The chlorine used at 
claim 5 and the gas which is eas^ 
using either or the both sides of 
[Claim 7] The CVD system with 
cleaning approach of a publication 
[Claim 8] The metal oxide film 
(titanium) oxide, Zr (zirconium) 
forms the compound metal oxidt 
characterized by having an activation 
oxide film deposited on the interior 
the plasma or heat energy outside 
[Claim 9] The metal oxide film 
(titanium) oxide, Zr (zirconium) 



which becomes a wafer substrate in a reaction chamber from Ti 
oxide, or Hf (hafnium) oxide, Or it sets to the cleaning approach of the 
pound metal oxide film containing two or more sorts of these oxides, 
gas which contains a chlorine atom without including a fluorine in said 
interior of said reaction chamber, or said compound metal oxide film 
D system characterized by etching this metal oxide film or this 
making the inside of a reaction chamber into clarification, 
of the CVD system characterized by activating said chlorine-based gas 
the plasma or heat energy in the cleaning approach of a CVD 



of the CVD system characterized by activating said chlorine-based gas 
plasma or heat energy in the cleaning approach of a CVD system 



of the CVD system characterized by choosing and using at least 
the HCl(s) for said chlorine-based gas in the cleaning approach of a 
among claims 1-3. 
\lvhich becomes Si wafer substrate in a reaction chamber from Ti 
oxide, or Hf (Hough 2 UMU) oxide, Or it sets to the cleaning approach 
the compound metal oxide film containing two or more sorts of these 
-based gas which contains a chlorine atom in said metal oxide film 
, or said compound metal oxide film as the 1st step The cleaning 
etches this metal oxide film or this compound metal oxide film, and 
chlorine and the gas which is easy to react in a reaction chamber as the 



said 



2nd step in the cleaning approach of a CVD system according to 
to react are the cleaning approach of the CVD system characterized by 
hydrogen gas or a steam. 

which the inside of a reaction chamber is cleaned by any 1 term by the 
n among claims 1-6. 
which becomes a wafer substrate in a reaction chamber from Ti 
oxide, or Hf (hafnium) oxide, Or it sets to the CVD system which 
film containing two or more sorts of these oxides. The CVD system 
>n means to activate the chlorine-based gas contacted to said metal 
of said reaction chamber, or said compound metal oxide film using 
said reaction chamber, 
which becomes a wafer substrate in a reaction chamber from Ti 
oxide, or Hf (hafnium) oxide, Or it sets to the CVD system which 
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characterized by having an activation 
oxide film deposited on the interior 
the plasma or heat energy in saic 
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film containing two or more sorts of these oxides. The CVD system 
in means to activate the chlorine-based gas contacted to said metal 
of said reaction chamber, or said compound metal oxide film using 
reaction chamber. 



[Translation done.] 
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DETAILED DESCRIPTION 




[Detailed Description of the Inve 
[0001] . . . . - 
[Field of the Invention] This inv< 
the defecation technique of the C 
oxide, Hf oxide, or the metallic c 
wafer, especially. 
[0002] 

[Description of the Prior Art] In 
thin film-ization of Si02 gate di< 
following problems will arise. Ti 
electrode and a channel layer inc 
film falls further. 
[0003] In order to solve this prol 
replaces Si02, application exam 
electrostatic capacity as Si02 is 
breakdown can be suppressed. S 
ingredient, adoption of a stable c 
oxide, Hf oxides, or these compc 
[0004] In the CVD system whicl 
oxide accumulates on the interns 
becomes easy to separate in the * 
so that alimentation increases. Tl 
electrostatic force, a fluid force, 
before such a problem arises, it i 
[0005] As this cleaning approacl 
source of the plasma established 
radical in a reaction chamber, an 
surface deposition film is used a 
by the ion spatter to the wall surl 
only by the chemical reaction of 
[0006] Moreover, the approach c 
compound in JP, 10-3353 18, A fo 
element is indidated. 
[0007] 

[Problem(s) to be Solved by the 
bipolar membrane from the form 
used abundantly as cleaning gas 
as a resultant. 


ntion] 

mtion relates to a CVD system and its cleaning approach, and relates to 
!VD (Chemical VaporDeposition) equipment which forms Ti oxide, Zr 
>xide chosen from these compound oxide films in substrates, such as Si 

order to cut down the power consumption of a semiconductor device, 
jlectric film is advanced. If Si02 gate dielectric film thin-film-izes, the 
lat is, the leakage current by the direct tunnel effect between a gate 
reases, and the dependability of dielectric breakdown of gate dielectric 

)lem, even if it uses the thick film physically as an ingredient which 
nation of the high dielectric constant ingredient with which the same 
obtained is progressing. Thereby, the leakage current and dielectric 
^ecifically as this high dielectric constant gate-dielectric-film 
xide is considered by thermodynamics targets, such as Ti oxide, Zr 
'sites. 

i forms these metallic oxides to substrates, such as a wafer, a metallic 
1 surface of a reaction chamber etc. like a wafer front face. This deposit 
tress which thermal stress and the film itself have from a wall surface, 
le deposit which separated adheres to a wafer front face by gravity, 
stc, and causes an open circuit and short circuit of wiring. Therefore, 
s necessary to remove a deposit periodically (cleaning). 
l, as shown in JP,10-199874,A recently, a radical is generated using the 
in the location different from a reaction chamber, it is introducing this 
d the so-called remote plasma cleaning which etches and cleans the wall 
)undantly. The description of this approach is that there is no damage 
ace at the time of cleaning etc. in order to gasify and clean a deposit 
activated gas. 

f cleaning by the gas which contains a halogen or a halogenated 
r the thin film which contains alkaline earth metal in a configuration 

invention] However, if it is going to clean Zr oxide, Hf oxide, or this 
er in remote plasma cleaning of a publication using NF3 gas currently 
to above-mentioned JP,10-199874,A, ZrF4, HfF4, etc. will be generated 
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cleared 
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trouble 



for 



reaction 



invention 



[0008] The vapor pressure of these 
is zero mostly in about O.lPa and 
surface temperature at the time 
evaporate, a deposit can be 
with the high vapor pressure of 
[0009] Moreover, it has the 
clean if the vapor pressure of Zr 
metal oxide-films [, such as Ti 
for example, NF, 3 gas is used 
given in above-mentioned JP,10 
invention. 

[0010] The object of this 
wall surface in the reaction 
film with the CVD system which 
defecates the inside of a reaction 
[0011] 

[Means for Solving the Problem 
the CVD system of this inventioii 
chamber from Ti (titanium) oxidje 
approach of the CVD system 
of these oxides. It is characterize^ 
and making the inside of a 
which contains a chlorine atom 
interior of said reaction chamber 
[0012] According to this i 
the vapor pressure of the halog 
(fluoride), the vapor pressure 
200 degrees C, and it turns out 
reference). Furthermore, it turns 
sufficient at 1 00 degrees C for 
[0013] Moreover, as for each 
oxide, Zr oxide, Hf oxide, and 
difference of the Gibbs free 
reaction of a metallic oxide and 
[0014] According to this i 
fluorine system of NF3 grade bu 
reaction chamber of a CVD 
membrane and is etched into 
of a reaction chamber can be 
[0015] Moreover, activation 
within and without a reaction 
above-mentioned chlorine-based 
attained and the damage at the 
make it activated in a reaction 
[0016] 

[Embodiment of the Invention] 
system of this invention. The ob 
metallic oxide of Ti oxide, Zr 
[0017] As compared with the 
approach of this invention make^ 
which the direction of the vapor 



resultants is dramatically low, for example, in ZrF4, vapor pressure 
200 degrees C at 500 degrees C. Since considering that the wall 
o|f cleaning of a CVD system is 200 degrees C or less a resultant does not 
. In order to avoid this problem, it is necessary to choose cleaning gas 
resultant generated by the chemical reaction at the time of cleaning, 
that a resultant is not evaporated at low temperature and it cannot 
4 of a resultant is low when cleaning at low temperature about these 
, or Hf, ] or compound metal oxide film and halogenated compound, 
cleaning of Zr oxide, although the cleaning object of an example 
3353 18,A is alkaline earth metal and it completely differs from this 



the 
energy 



invention 



time 
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invention is to provide the thermodynamics target of Ti oxide deposited on the 
chamber of a CVD system etc., Zr oxide, Hf oxides, and these composite 
removes a stable high dielectric constant ingredient by etching, and 
chamber, and its cleaning approach. 

In order to attain the above-mentioned object, the cleaning approach of 
The metal oxide film which becomes a wafer substrate in a reaction 
, Zr (zirconium) oxide, or Hf (hafnium) oxide, Or it sets to the cleaning 
wh|ich forms the compound metal oxide film containing two or more sorts 
by etching this metal oxide film or this compound metal oxide film, 
chamber into clarification by contacting the chlorine-based gas 
\[/ithout including a fluorine in said metal oxide film deposited on the 
or said compound metal oxide film, 
persons' knowledge, as a result of investigating the relation between 
of Ti, Zr, and Hf, and temperature, compared with ZrF4 and HfF4 
of £rC14 and HfC14 (chloride) is far high, vapor pressure is about lOOPa at 
the resultant at the time of cleaning is gasifiable ( drawing 1 , 2 
out that the vapor pressure of TiC14 (chloride) has vapor pressure 
with lOOOOPa or more, and cleaning ( drawing 3 ). 
reaction which generates a chloride at the reaction of a chlorine atom, Ti 
metallic oxide of such bipolar membrane, it turns out that the 
before and behind a reaction serves as a negative value, and the 
Chlorine-based cleaning gas tends to progress. 

, from the above thing, the resultant generated when not the gas of the 
the gas of a chlorine system is contacted to Ti oxide deposited in the 
system, Zr oxide, Hf oxide, and the metallic oxide of such bipolar 

is promptly gasifiable. Therefore, if this gas is exhausted, the inside 
defecated easily. 

above-mentioned chlorine-based gas in this invention is possible 
chamber, as a CVD system, by installing the activation means of the 
gas out of a reaction chamber, for example, remote plasma cleaning is 
of the cleaning in a reaction chamber is controlled. Moreover, if you 
chamber, simplification and low-cost-izing of equipment will be attained. 



enide 



ifirst, the outline is explained about the cleaning approach of the CVD 
ect product which carries out etching clearance in this invention is a 
, Hf oxides, and these composites. 

pressure of the fluoride of the above-mentioned metal, the cleaning 
chlorine-based gas act on the above-mentioned product for cleaning 
pressure of a chloride deposits in the reaction chamber of a CVD 



oxide 
vax)r 
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system (membrane formation 
etching clearance. 
[0018] Hereafter, the cleaning a] 
the vapor pressure of the resultant 
gas / tend ] **, are required for 
of Ti oxide deposited on the reaction 
fabrication machines and 
of a reaction chamber. 
[0019] First, the vapor pressure 
cleaning, the halogen gas containing 
the relation between the vapor 
investigated. The result is shown 
[0020] Compared with ZrF4 
high, vapor pressure is about lOOPa 
resultant at the time of cleaning i 
TiC14 (chloride) has vapor press ire 
cleaning. 

[002 1 ] The above thing shows 
chamber internal surface of a C\ 
the gas of a chlorine system, Zr 
gasified and exhausted. 
[0022] Next, the ease of progressing 
mentioned ** and cleaning gas 
free energy about each of each 
the value (deltaG) which deducted 
free energy of the system after a 
relation of a degree type (1) 
system of reaction time. 
[0023] 

K**exp (-deltaG/RT) (1) 

[0024] From this formula, if deltkG 
inclination to hardly progress, 
conversely large. At the reaction 
of such bipolar membrane, as for 
generates a chloride, a reaction 
[0025] From the above thing, by 
in Ti oxide deposited on an interhal 
oxide, Hf oxide, and the metallic 
carried out, and the inside of a 
include a fluorine in cleaning ga$ 
[0026] Next, the operation gesta 
drawing 6 . The first operation 
invention in the exterior of a reaction 
second operation gestalt (refer to 
chamber, and should just prepare 
drawing 6 ) introduces chlorine 
gas with temperature. 
[0027] (The first operation gesta 
system of the first operation g< 
zone 31, and the cleaning gas 
oxide, or the metal oxide film of 



eqaipmen 

pproach of this invention is explained in full detail. Two conditions, that 
by ** cleaning is high and reacting [ a ** metallic oxide and cleaning 
cleaning gas for carrying out etching clearance of the metallic oxide 
chamber internal surface of CVD systems, such as semiconductor 
equipment, Zr oxide, Hf oxide, and these composites, and defecating the inside 

<l>f the resultant of the above-mentioned ** is examined. Generally, in 
reactant high chlorine, a reactant high fluorine, etc. is used. Then, 
pressure of the halogenide of Ti, Zr, and Hf and temperature was 
in drawing 1 - drawing 3 . 
and|HfF4 (fluoride), the vapor pressure of ZrC14 and HfC14 (chloride) is far 
at 200 degrees C, and drawing 1 and drawing 2 show that the 
s gasifiable. Moreover, drawing 3 shows that the vapor pressure of 
sufficient at 100 degrees C for those with lOOOOPa or more, and 

tHat the resultant when etching Ti oxide deposited on the reaction 
D system by using not the gas of the fluorine system of NF3 grade but 
ixide, Hf oxide, and the metallic oxide of such bipolar membrane can be 



when 



but 
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tt) paying attention to a high point, and is made to carry out 



of the reaction of the above-mentioned metallic oxide of the above- 
examined. The ease of progressing of a reaction can calculate Gibbs' 
nfetallic oxide, a chlorine atom, and a resultant, and can make an index 
the Gibbs free energy of the system before a reaction from the Gibbs 
reaction. This deltaG and a reaction equilibrium constant (K) have the 
R is made into a gas constant and they make T the temperature of the 



is the value of 0 or +, it can be said that a reaction is in the 
for a reaction to progress, so that deltaG is - and that value is 
of a chlorine atom, Ti oxide, Zr oxide, Hf oxide, and the metallic oxide 
all, deltaG serves as a negative value, and, as for the reaction which 
progresses. 

contacting the chlorine-based gas which contains chlorine and chlorine 

surface, piping, etc. of a reaction chamber of a CVD system, Zr 
oxide of such bipolar membrane, etching clearance of these film can be 
reaction chamber can be defecated. In addition, it is more desirable not to 
in order to avoid an adverse effect, 
t of the CVD system of this invention is explained using drawing 4 - 
(refer to drawing 4 ) activates the chlorine-based gas in this 
chamber, and introduces it in a reaction chamber. Moreover, the 
drawing 5 ) activates the chlorine-based gas introduced in the reaction 



gestalt i 



a power source outside. Moreover, the third operation gestalt (refer to 
>ased gas into the heated reaction chamber, and activates chlorine-based 



gestalt 



su ) 



t) Drawing 4 shows the structure and the configuration of a CVD 
lit. A CVD system consists of a reaction chamber 1 , a material gas feed 
jply section 32. In a reaction chamber 1, desired Ti oxide, Zr oxide, Hf 
such bipolar membrane is formed to the wafer substrate 5 (it is also 
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invention 
with 



activated 



oru 



this 



only called a wafer 5). 
[0028] Moreover, in order that 
reaction chamber 1, may reduce 
or surface treatment, for exampL 
performed. 

[0029] In the material gas feed 
reaction chamber 1 . As for the 
amount of requests is sent into a 
raw material 14 is evaporated 
[0030] This vaporized liquid ravs 
Piping 41 is heated to desired 
material 14 may not carry out a 
gas 1 8 in a reaction chamber 1 w 
[0031] In the cleaning gas supph 
reaction chamber 1 . In this 
remote plasma for C12 gas 20 
[0032] It activates with plasma 
plasma (RF plasma, mu wave 
gas supply piping 26 by which a 
21 and Ar gas 22 are also 
[0033] In this CVD system, the 
wafers, the cleaning in (1) (2) 
preparatory work for doing the 
[0034] First, the procedure of th^ 
susceptor 3 is lowered and the 
conveyance opening 10. And by 
conveyance opening 10, and 
moving a wafer 5 to reception 
chamber 1 , a gate valve 1 1 is 
membrane formation location. 
[0035] At this time, power is s 
is raised to the temperature 
chamber wall surface 2 and the 
with a temperature control unit 1 
[0036] Under such temperature s 
reaction chamber 1 with the 
material 14 from the material ga$ 
(several 100 - lOOOOPa of numb 
pump 12, and need time amount 
[0037] After suspending the gas 
forming request thickness, and 
susceptor 3 is lowered and the 
conveyance opening 10. And a 
5 is put on a conveyance arm by 
from the conveyance opening 10 
reaction chamber 1 , and a gate 
[0038] If multiple times and this 
oxide will accumulate on the 
This deposit becomes easy to 
wall surface, so that alimentation 
gravity, electrostatic force, a 



part in contact with cleaning gas, such as the internal surface 2 of a 
the damage by cleaning, the ingredient which is tolerant to cleaning gas 
, alumite processing, hooker nickel passive state processing, etc. are 



(aboipt 



vilve 



fluid 
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zpne 3 1, the liquid raw material 14 is evaporated and it sends into a 
[ raw material 14 extruded by the pressure of helium gas 17, the 
carburetor 16 by the liquid massflow controller 15. The sent-in liquid 
wilthin the carburetor 16 held at the elevated temperature. 

material 14 is introduced in a reaction chamber 1 through piping 41 . 
teihperature (about 100-200 degrees C) so that the vaporized liquid raw 
reliquefaction. In addition, the amount of requests can also supply 02 
ith a massflow controller 19. 

* section 32, cleaning gas is activated by the plasma and it sends in in a 
, the amount of requests is introduced into the source 24 of the 
massflow controllers 23 and 25 with Ar gas 22. 
einergy and C12 gas 20 introduced into the sources 24 of the remote 
plasma, etc.) is introduced in a reaction chamber 1 through the cleaning 
umite processing of the inner surface was carried out. Similarly, H2 gas 
and it can introduce in a reaction chamber 1 . 
ginal membrane formation activity which processes two or more 
invention, and the Puri membrane formation activity which is a 
njiembrane formation activity of (3) original are repeated successively, 
membrane formation activity of the above (1) is explained. A 
face location is made into the level surface location of the 
opening a gate valve 1 1 , moving a wafer 5 onto a susceptor 3 from the 
a lifter 8 up with the conveyance arm which is not illustrated, while 
a conveyance arm and moving a conveyance arm out of a reaction 
clo|sed. Next, while lowering a lifter 8, a susceptor 3 is moved up to a 



top 



moving 
from ; 



ufjplied to the heater 4 embedded in the susceptor 3 from a feeder 7, and it 
200-700 degrees C) of a request of a wafer 5. Similarly, the reaction 
shower head 6 are also raised to desired temperature (- 300 degrees C) 



setting out, while introducing 02 gas 18 of the amount of requests in a 
material gas of the amount of requests which evaporated the liquid raw 
feed zone 31, and a massflow controller 19, it is made the pressure 
*s) of a request of the inside of a reaction chamber 1 with a vacuum 
(several minutes) membrane formation is carried out at a wafer 5. 
supply from the membrane formation gas supply section 3 1 after 
exhausting the membrane formation gas in a reaction chamber 1, a 

-face location is made into the level surface location of the 
^afer 5 is lifted up with a lifter 8, a gate valve 1 1 is opened, and a wafer 
moving the conveyance arm which is not illustrated onto a susceptor 3 
, and moving a lifter 8 caudad. And a conveyance arm is moved out of a 
1 1 is closed. 

wafer membrane formation processing activity are repeated, a metallic 
internal surface 2 of a reaction chamber 1 as well as wafer 5 front face. 

in the stress which thermal stress and the film itself have from a 
increases. The deposit which separated adheres to wafer 5 front face in 
force, etc., and causes an open circuit and short circuit of wiring. 



separate 
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Therefore, before becoming such 
deposit and to defecate the inside 
[0039] The procedure of cleanin 
lowered and the top-face locatioifi 
And with the lifter 8 to which a 
covering wafers 40, such as a 
opening 10 with the conveyance 
reception from a conveyance arnji 
valve 1 1 is closed. Next, while 
location. 

[0040] At this time, a susceptor 
supplying power to the heater 4 
chamber wall surface 2 and the 
with a temperature control unit 1 
[0041] Under such temperature 
section 32 in the amount reaction 
reaction chamber 1 is made into 
minutes) cleaning is carried out. 
****** possibility is in the next 
[0042] Therefore, after suspending 
gas in a reaction chamber 1, Whjle 
plasma for 32Hcleaning gas 
activating H2 gas 21 with plasm 
pump 12, the inside of a reaction 
time amount (several minutes) c 
surface now reacts with H, and 
[0043] Then, a susceptor 3 is 
of the conveyance opening 10, 
is opened, and the covering wafdr 
is not illustrated onto a susceptor 
while moving a conveyance arm 
completed. 

[0044] Thus, since it is efficiently 
internal surface 2 of a reaction 
membrane according to this 
effective in an equipment operat 
[0045] In addition, although 
temperature, and a pressure, 
above (3) are the almost same 
omit explanation here. The objedt 
formation by making containment 
internal surface 2 after cleaning 
[0046] (The second operation 
system of the second operation g 
1 , the material gas feed zone 3 1 
[0047] The reaction chamber 1 
electric insulating plate 29 so 
cleaning. The RF power source 
reaction chamber upper part are 
[0048] In the material gas feed 
reaction chamber 1 . As for the 



a situation, the next cleaning is carried out, in order to remove a 
of a reaction chamber 1 . 

of this invention of the above (2) is explained. A susceptor 3 is 
is made into the level surface location of the conveyance opening 10. 
j;ate valve 1 1 is opened in, it moved onto the susceptor 3 and the 
product made from an alumina, were moved up from the conveyance 
arm which is not illustrated, the covering wafer 40 is moved to 
a conveyance arm is moved out of a reaction chamber 1, and a gate 
lowering a lifter 8, a susceptor 3 is moved up to a membrane formation 



supply 



is 
made 
aid 



differ 



th£t 
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| is made into desired temperature (about 200-700 degrees C) by 
(imbedded in the susceptor 3 from a feeder 7. Similarly, the reaction 
shower head 6 are also made into desired temperature (- 300 degrees C) 
13. 

setting out, while introducing CI activated from the cleaning gas supply 
chamber 1 of requests, with a vacuum pump 12, the inside of a 
a desired pressure (several lOOOOPa), and need time amount (several 
CI remains on the reaction chamber wall surface 2 after cleaning, and 
membrane formation about an adverse effect. 

supply of gas after cleaning termination and exhausting the cleaning 
introducing the amount of requests into the source 24 of the remote 
section 2 (hydrogen) gas 21 with a massflow controller 25, 
energy and introducing into a reaction chamber 1 With a vacuum 
chamber 1 is made into a desired pressure (several lOOOOPa), and need 
eaning is carried out. CI which remains on reaction chamber 1 wall 
exhausted outside a reaction chamber 1 as HC1 gas. 
lowering, the top-face location is made into the level surface location 
the covering wafer 40 is lifted up with a lifter 8, next a gate valve 1 1 
40 is put on a conveyance arm by moving the conveyance arm which 
3 from the conveyance opening 10, and moving a lifter 8 caudad. And 
out of a reaction chamber 1, a gate valve 1 1 is closed. Now, cleaning is 



removable at the temperature of a request of Ti oxide deposited on the 
cfiamber 1, Zr oxide, Hf oxide, or the deposition film of such bipolar 
operation gestalt, an equipment stop time can be shortened and it is 

ng ratio being referred to as being able to improve, 
meihbrane formation conditions, such as membrane formation time amount, 
since the procedures of the Puri membrane formation activity of the 
habits as the membrane formation activity of the above (1), they 
of this activity is for securing the stability of future membrane 
and a front face smooth for the residual gas of the reaction chamber 



work 1 



has 



gebtalt) Drawing 5 shows the structure and the configuration of a CVD 
estalt. The main components of a CVD system are a reaction chamber 
the cleaning gas supply section 33, and RF plasma section 34. 
insulated the reaction chamber upper part electrically with the 
RF plasma can be generated in a reaction chamber 1 at the time of 
8 and matching box 27 which constitute RF plasma section 34 in this 
connected. 

31, the liquid raw material 14 is evaporated and it sends into a 
raw material 14 extruded by the pressure of helium gas 17, the 



Z3ne 
liquid 
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SD 



amount of requests is sent into a 
raw material 14 is evaporated 
[0049] This vaporized liquid rau 
Piping 41 is heated to desired 
material 14 may not liquefy. In 
1 of requests with a massflow 
[0050] In the cleaning gas supph 
the amount of requests with a 
through a charging line. 
[0051] With the CVD system of [this 
membrane formation activity (tu 
membrane formation activity are 
[0052] The procedure of the 
above-mentioned first operation 
repeated, a metallic oxide will 
wafer 5 front face. This deposit 
itself have from a wall surface, 
[0053] The deposit which separated 
force, etc., and causes an open 
situation, cleaning for removing 
out. 

[0054] The procedure of cleaning 
covering wafer 40 is moved to 
temperature (about 200-700 deg 
susceptor 3, and reaction chambir 
temperature (- 300 degrees C) w 
the first operation gestalt, detailed 
[0055] Under such temperature 
cleaning gas in a reaction chambler 
chamber 1 from the cleaning gas 
request of the inside of a reaction 
[0056] Subsequently, power (se\ 
Thereby, CI plasma is generated 
by that activated CI reacts with 
the inside of a reaction chamber 
cleaning, and ****** possibility 
[0057] Therefore, after suspendi 
gas in a reaction chamber 1 , whi 
gas 21 in the amount of requests 
inside of a reaction chamber 1 is 
CI which remains on reaction 
outside a reaction chamber as 
[0058] Then, like the first operation 
outside a reaction chamber 1 by 
[0059] Thus, since Ti oxide 
oxide, or the deposition film of sluch 
according to this operation gesta 
ability to improve an equipment 
[0060] Although the procedure 
that of the membrane formation 
as membrane formation time 



carburetor 16 by the liquid massflow controller 15. The sent-in liquid 
wilthin the carburetor 16 held at the elevated temperature. 

material 14 is introduced in a reaction chamber 1 through piping 41. 
terhperature (about 100-200 degrees C) so that the vaporized liquid raw 

addition, 02 gas 18 can also be supplied in the amount reaction chamber 
controller 19. 

section 33, C12 gas 20 in this invention and H2 gas 21 are adjusted in 
massflow controller 25, and are introduced in a reaction chamber 1 
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second operation gestalt as well as the first operation gestalt, (1) 

0 or more sheet wafer processing), (2) cleaning activities, and (3) Puri 
repeated successively. 

meihbrane formation activity of the above (1) is the same as that of the 
gestalt. One by one, if this membrane formation processing activity is 
accumulate on the internal surface of a reaction chamber 1 as well as 
becomes easy to separate in the stress which thermal stress and the film 
that alimentation increases, 
adheres to a wafer front face by gravity, electrostatic force, a fluid 
circuit and short circuit of wiring. Therefore, before becoming such a 
a deposit and defecating the inside of a reaction chamber 1 is carried 

of the above (2) is explained. First, a susceptor 3 is moved and the 
reception and a membrane formation location. At this time, it is made the 
jfees C) of a request of a susceptor 3 at the heater 4 embedded in the 

1 wall surface and the shower head 6 are similarly made into desired 
th a temperature control unit 13. Since the above is the same as that of 

explanation is omitted, 
getting out, with this operation gestalt, in order to activate chlorine-based 
, while introducing the amount of requests of C12 gas 20 in a reaction 
supply section 33, it is made the pressure (several lOOOOPa) of a 
chamber 1 with a vacuum pump 12. 

eral 100-several kW) is supplied from the RF power source 28. 
in a reaction chamber 1, etching clearance of the deposit is carried out 
deposit of reaction chamber 1 wall surface, and spatter operation, and 

1 is cleaned. CI remains on reaction chamber 1 wall surface after 
is in the next membrane formation about an adverse effect. 

supply of gas after cleaning termination and exhausting the cleaning 
e a massflow controller 25 adjusts 33Hcleaning gas supply section 2 
and introducing into a reaction chamber 1, with a vacuum pump 12, the 
made into a desired pressure (several lOOOOPa), and is cleaned. Now, 
chkmber 1 wall surface by cleaning reacts with H, and is exhausted 
HC1 gas. 



tie i 



llg; 



gestalt, a susceptor 3 is moved, the covering wafer 40 is taken out 
he conveyance arm, a gate valve 1 1 is closed, and cleaning is ended, 
on the internal surface 2 of a reaction chamber 1 , Zr oxide, Hf 
bipolar membrane is efficiently removable at desired temperature 
t, an equipment stop time can be shortened and it is effective in the 
operating ratio. 

the Puri membrane formation activity of the above (3) is the same as 
activity of the above (1) almost, membrane formation conditions, such 
amount, temperature, and a pressure, differ. The object of this activity is 
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for securing the stability of futurs membrane formation by making containment and a front face smooth 
for the residual gas of the reaction chamber internal surface 2 after cleaning. 
[0061] (The third operation gestalt) Drawing 6 shows the structure and the configuration of a CVD 
system of the third operation gestalt. The main components of a CVD system are a reaction chamber 1, 
the material gas feed zone 31, and the cleaning gas supply section 33. In a reaction chamber 1, desired 
Ti oxide, Zr oxide, Hf oxide, or Ihe metal oxide film of such bipolar membrane is formed to a wafer 5. 
[0062] Supply of material gas is the same as that of the first operation gestalt. That is, in the material gas 
feed zone 31, after the amount o ? requests evaporates the liquid raw material 14 extruded by the pressure 
of helium gas 17 with a carburetor 16, it is introduced in a reaction chamber 1. Piping 41 is heated to 
desired temperature (about 100-^00 degrees C) so that material gas may not liquefy. In addition, the 
amount of requests can also supply 02 gas 18 in a reaction chamber 1 with a massflow controller 19. 
[0063] In the cleaning gas supply section 33 in this operation gestalt, a massflow controller 25 adjusts 
C1F gas 35 in the amount of requ ests, and it introduces in a reaction chamber 1 through a charging line. 
[0064] (One) membrane formation activity (two or more sheet wafer processing), (2) cleaning activities, 
and (3) Puri membrane formation activity are successively repeated like [ the CVD system of this third 
operation gestalt ] the above-mentioned first and second operation gestalten. 

[0065] About the procedure of the membrane formation activity of the above (1), since it is the same as 
that of the above-mentioned first operation gestalt, explanation is omitted. One by one, if this membrane 
formation processing activity is repeated, a metallic oxide will accumulate on the internal surface of a 
reaction chamber 1 as well as wefer 5 front face. This deposit becomes easy to separate in the stress 
which thermal stress and the film itself have from a wall surface, so that alimentation increases. The 
deposit which separated adheres to a wafer front face in gravity, electrostatic force, and a fluid force, 
and causes an open circuit and short circuit of wiring. Therefore, before becoming such a situation, 
cleaning for removing a deposit ind defecating the inside of a reaction chamber 1 is carried out. 
[0066] The procedure of cleaning of the above (2) is explained. Since installation of the covering wafer 
40, setting out of the request temperature (about 200-700 degrees C) of a susceptor 3 and the request 
temperature (- 300 degrees C) of reaction chamber 1 wall surface and the shower head 6, etc. are the 
same as that of the above-mentic ned first and second operation gestalten, explanation is omitted. 
[0067] With this operation gesta t, under such temperature setting out, if the inside of a reaction chamber 
1 is made into a desired pressure (several lOOOOPa) with a vacuum pump 12 while introducing C1F gas 
35 in the amount reaction chamber 1 of requests from the cleaning gas supply section 33, when C1F gas 
35 is activated with heat energy, etching clearance of the deposit will be carried out and the inside of a 
reaction chamber 1 will be cleaned. 

[0068] Since CI remains on reaction chamber 1 wall surface after cleaning and ****** possibility is in 
the next membrane formation about an adverse effect, Like the operation gestalt of the above second, 
while introducing the hydrogen gas 21 of the cleaning gas supply section into a reaction chamber 1 after 
exhausting the cleaning gas in a reaction chamber 1 If the inside of a reaction chamber 1 is made into a 
desired pressure (several lOOOOFa), Residual CI will react with H and will be exhausted outside a 
reaction chamber as HC1 gas. 

[0069] Then, like the above-mentioned first and second operation gestalten, a susceptor 3 is moved, the 
covering wafer 40 is taken out from the conveyance opening 10, and a gate valve 1 1 is closed. Now, 
cleaning is completed. 

[0070] Thus, since Ti oxide deposited on the internal surface 2 of a reaction chamber 1, Zr oxide, Hf 
oxide, or the deposition film of such bipolar membrane is efficiently removable according to this 
operation gestalt, an equipment stop time can be shortened and it is effective in an equipment operating 
ratio being referred to as being a Me to improve. 

[0071] Next, although the procedure of the Puri membrane formation activity of the above (3) is the 
same as that of the membrane fo -mation activity of the above (1) almost, membrane formation 
conditions', such as membrane formation time amount, temperature, and a pressure, differ. When the 
object of this activity makes containment and a front face smooth for the residual gas of the reaction 
chamber internal surface 2 after cleaning, it is as above-mentioned that it is for securing the stability of 
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[Effect of the Invention] Since a 
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stable high dielectric constant ingredient is efficiently removable by 
etching on the thermodynamics tlarget of Ti oxide deposited on the wall surface in the reaction chamber 



of a CVD system etc., Zr oxide, 
stated above, an equipment stop 
being referred to as being able tc 



3f oxides, and these composite film according to this invention as 
ime can be shortened and it is effective in an equipment operating ratio 
improve. 
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TECHNICAL FIELD 




[Field of the Invention] This inv< 
the defecation technique of the C 
oxide, Hf oxide, or the metallic c 
wafer, especially. 


jntion relates to a CVD system and its cleaning approach, and relates to 
IVD (Chemical VaporDeposition) equipment which forms Ti oxide, Zr 
>xide chosen from these compound oxide films in substrates, such as Si 
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3. In the drawings, any words are i 



not be translated, 
not translated. 



[Description of the Prior Art] In order to cut down the power consumption of a semiconductor device, 
thin film-ization of Si02 gate dielectric film is advanced. If Si02 gate dielectric film thin-film-izes, the 
following problems will arise. That is, the leakage current by the direct tunnel effect between a gate 
electrode and a channel layer increases, and the dependability of dielectric breakdown of gate dielectric 
film falls further. 

[0003] In order to solve this problem, even if it uses the thick film physically as an ingredient which 
replaces Si02, application exam nation of the high dielectric constant ingredient with which the same 
electrostatic capacity as Si02 is obtained is progressing. Thereby, the leakage current and dielectric 
breakdown can be suppressed. Specifically as this high dielectric constant gate-dielectric-film 
ingredient, adoption of a stable cxide is considered by thermodynamics targets, such as Ti oxide, Zr 
oxide, Hf oxides, or these composites. 

[0004] In the CVD system which forms these metallic oxides to substrates, such as a wafer, a metallic 
oxide accumulates on the internal surface of a reaction chamber etc. like a wafer front face. This deposit 
becomes easy to separate in the stress which thermal stress and the film itself have from a wall surface, 
so that alimentation increases. T le deposit which separated adheres to a wafer front face by gravity, 
electrostatic force, a fluid force, stc, and causes an open circuit and short circuit of wiring. Therefore, 
before such a problem arises, it is necessary to remove a deposit periodically (cleaning). 
[0005] As this cleaning approach, as shown in JP,10-199874,A recently, a radical is generated using the 
source of the plasma established in the location different from a reaction chamber, it is introducing this 
radical in a reaction chamber, and the so-called remote plasma cleaning which etches and cleans the wall 
surface deposition film is used abundantly. The description of this approach is that there is no damage 
by the ion spatter to the wall surface at the time of cleaning etc. in order to gasify and clean a deposit 
only by the chemical reaction of activated gas. 

[0006] Moreover, the approach of cleaning by the gas which contains a halogen or a halogenated 
compound in JP,10-335318,A fo|r the thin film which contains alkaline earth metal in a configuration 
element is indicated. 
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[Effect of the Invention] Since a 
etching. on the thermodynamics t 
of a CVD system etc., Zr oxide, 
stated above, an equipment stop 
being referred to as being able to 


stable high dielectric constant ingredient is efficiently removable by 
arget of Ti oxide deposited on the wall surface. in the reaction chamber 
Hf oxides, and these composite film according to this invention as 
time can be shortened and it is effective in an equipment operating ratio 
improve. 


[Translation done.] 
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TECHNICAL PROBLEM 




[Problem(s) to be Solved by the 
bipolar membrane from the form 
used abundantly as cleaning gas 
as a resultant. 

[0008] The vapor pressure of the 
is zero mostly in about 0.1 Pa anc 
surface temperature at the time o 
evaporate, a deposit can be clear 
with the high vapor pressure of t 
[0009] Moreover, it has the troul 
clean if the vapor pressure of Zr 
metal oxide-films [, such as Ti, 2 
for example, NF, 3 gas is used fc 
given in above-mentioned JP,10- 
invention. 

[0010] The object of this inventi 
wall surface in the reaction chair 
film with the CVD system whicl 
defecates the inside of a reaction 


invention] However, if it is going to clean Zr oxide, Hf oxide, or this 
er in remote plasma cleaning of a publication using NF3 gas currently 
to above-mentioned JP,10-199874,A, ZrF4, HfF4, etc. will be generated 

se resultants is dramatically low, for example, in ZrF4, vapor pressure 
I 200 degrees C at 500 degrees C. Since considering that the wall 
f cleaning of a CVD system is 200 degrees C or less a resultant does not 
ed. In order to avoid this problem, it is necessary to choose cleaning gas 
le resultant generated by the chemical reaction at the time of cleaning. 
)le that a resultant is not evaporated at low temperature and it cannot 
7 4 of a resultant is low when cleaning at low temperature about these 
'r, or Hf, ] or compound metal oxide film and halogenated compound, 
•r cleaning of Zr oxide, although the cleaning object of an example 
3353 18,A is alkaline earth metal and it completely differs from this 

3n is to provide the thermodynamics target of Ti oxide deposited on the 
ber of a CVD system etc., Zr oxide, Hf oxides, and these composite 
l removes a stable high dielectric constant ingredient by etching, and 
chamber, and its cleaning approach. 
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MEANS 




[Means for Solving the Problem' 
the CVD system of this inventioi 
chamber from Ti (titanium) oxid 
approach of the CVD system wh 
of these oxides. It is characterize 
and making the inside of a reacti 
which contains a chlorine atom \ 
interior of said reaction chamber 
[0012] According to this inventi< 
the vapor pressure of the halogei 
(fluoride), the vapor pressure of 
200 degrees C, and it turns out tl 
reference). Furthermore, it turns 
sufficient at 1 00 degrees C for th 
[0013] Moreover, as for each rea 
oxide, Zr oxide, Hf oxide, and th 
difference of the Gibbs free ener 
reaction of a metallic oxide and < 
[0014] According to this inventi< 
fluorine system of NF3 grade bu 
reaction chamber of a CVD syst< 
membrane and is etched into the 
of a reaction chamber can be def 
[0015] Moreover, activation of t 
within and without a reaction ch< 
above-mentioned chlorine-based 
attained and the damage at the ti 
make it activated in a reaction c\ 
[0016] 

[Embodiment of the Invention] I 
system of this invention. The ob 
metallic oxide of Ti oxide, Zr ox 
[0017] As compared with the va 
approach of this invention make 
which the direction of the vapor 
system (membrane formation eq 
etching clearance. 
[0018] Hereafter, the cleaning a\ 

nun .// www'+.i uui .nci ui .^u. lu/L-tii 


In order to attain the above-mentioned object, the cleaning approach of 
i The metal oxide film which becomes a wafer substrate in a reaction 
e, Zr (zirconium) oxide, or Hf (hafnium) oxide, Or it sets to the cleaning 
ich forms the compound metal oxide film containing two or more sorts 
d by etching this metal oxide film or this compound metal oxide film, 
on chamber into clarification by contacting the chlorine-based gas 
vithout including a fluorine in said metal oxide film deposited on the 
, or said compound metal oxide film. 

m persons' knowledge, as a result of investigating the relation between 
tide of Ti, Zr, and Hf, and temperature, compared with ZrF4 and HfF4 
£rC14 and HfC14 (chloride) is far high, vapor pressure is about lOOPa at 
iat the resultant at the time of cleaning is gasifiable ( drawing 1 , 2 
out that the vapor pressure of TiC14 (chloride) has vapor pressure 
nse with 1 OOOOPa or more, and cleaning ( drawing 3 V 
ction which generates a chloride at the reaction of a chlorine atom, Ti 
e metallic oxide of such bipolar membrane, it turns out that the 
gy before and behind a reaction serves as a negative value, and the 
'hlorine-based cleaning gas tends to progress. 

>n, from the above thing, the resultant generated when not the gas of the 
t the gas of a chlorine system is contacted to Ti oxide deposited in the 
:m, Zr oxide, Hf oxide, and the metallic oxide of such bipolar 
n is promptly gasifiable. Therefore, if this gas is exhausted, the inside 
seated easily. 

le above-mentioned chlorine-based gas in this invention is possible 
imber, as a CVD system, by installing the activation means of the 
gas out of a reaction chamber, for example, remote plasma cleaning is 
ne of the cleaning in a reaction chamber is controlled. Moreover, if you 
amber, simplification and low-cost-izing of equipment will be attained. 

irst, the outline is explained about the cleaning approach of the CVD 
ect product which carries out etching clearance in this invention is a 
ide, Hf oxides, and these composites. 

)or pressure of the fluoride of the above-mentioned metal, the cleaning 
; chlorine-based gas act on the above-mentioned product for cleaning 
pressure of a chloride deposits in the reaction chamber of a CVD 
lipment) paying attention to a high point, and is made to carry out 

►proach of this invention is explained in full detail. Two conditions, that 
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press are 
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the vapor pressure of the resultant 
gas / tend ] **, are required for 
of Ti oxide deposited on the 
fabrication machines and 
of a reaction chamber. 
[0019] First, the vapor pressure 
cleaning, the halogen gas 
the relation between the vapor 
investigated. The result is shown 
[0020] Compared with ZrF4 and 
high, vapor pressure is about 
resultant at the time of cleaning 
TiC14 (chloride) has vapor 
cleaning. 

[0021] The above thing shows 
chamber internal surface of a C\ 
the gas of a chlorine system, Zr 
gasified and exhausted. 
[0022] Next, the ease of prog] 
mentioned ** and cleaning gas i$ 
free energy about each of each 
the value (deltaG) which deducted 
free energy of the system after a 
relation of a degree type (1), wh^n 
system of reaction time. 
[0023] 

K**exp (-deltaG/RT) (1) 

[0024] From this formula, 
inclination to hardly progress, 
conversely large. At the reaction 
of such bipolar membrane, as for 
generates a chloride, a reaction 
[0025] From the above thing, by 
in Ti oxide deposited on an 
oxide, Hf oxide, and the metallic 
carried out, and the inside of a 
include a fluorine in cleaning ga$ 
[0026] Next, the operation gesta! 
drawing 6 . The first operation 
invention in the exterior of a 
second operation gestalt (refer to 
chamber, and should just prepare 
drawing 6 ) introduces chlorine 
gas with temperature. 
[0027] (The first operation gesta 
system of the first operation 
zone 31, and the cleaning gas su 
oxide, or the metal oxide film 
only called a wafer 5). 
[0028] Moreover, in order that 
reaction chamber 1 , may reduce 



by ** cleaning is high and reacting [ a ** metallic oxide and cleaning 
cleaning gas for carrying out etching clearance of the metallic oxide 
readtion chamber internal surface of CVD systems, such as semiconductor 
equipment, Zr oxide, Hf oxide, and these composites, and defecating the inside 



of the resultant of the above-mentioned ** is examined. Generally, in 
containing reactant high chlorine, a reactant high fluorine, etc. is used. Then, 
pressure of the halogenide of Ti, Zr, and Hf and temperature was 
in drawing 1 - drawing 3 . 

HfF4 (fluoride), the vapor pressure of ZrC14 and HfC14 (chloride) is far 
lOQPa at 200 degrees C, and drawing 1 and drawing 2 show that the 
gasifiable. Moreover, drawing 3 shows that the vapor pressure of 
sufficient at 100 degrees C for those with lOOOOPa or more, and 



the resultant when etching Ti oxide deposited on the reaction 
D system by using not the gas of the fluorine system of NF3 grade but 
ixide, Hf oxide, and the metallic oxide of such bipolar membrane can be 



but 



gestalt 
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g of the reaction of the above-mentioned metallic oxide of the above- 
examined. The ease of progressing of a reaction can calculate Gibbs' 
njetallic oxide, a chlorine atom, and a resultant, and can make an index 
the Gibbs free energy of the system before a reaction from the Gibbs 
reaction. This deltaG and a reaction equilibrium constant (K) have the 
R is made into a gas constant and they make T the temperature of the 



if deltlaG is the value of 0 or +, it can be said that a reaction is in the 
for a reaction to progress, so that deltaG is - and that value is 
of a chlorine atom, Ti oxide, Zr oxide, Hf oxide, and the metallic oxide 
all, deltaG serves as a negative value, and, as for the reaction which 
progresses. 

contacting the chlorine-based gas which contains chlorine and chlorine 
interhal surface, piping, etc. of a reaction chamber of a CVD system, Zr 

oxide of such bipolar membrane, etching clearance of these film can be 
refaction chamber can be defecated. In addition, it is more desirable not to 
, in order to avoid an adverse effect. 

t of the CVD system of this invention is explained using drawing 4 - 
(refer to drawing 4 ) activates the chlorine-based gas in this 
reaction chamber, and introduces it in a reaction chamber. Moreover, the 
drawing 5 ) activates the chlorine-based gas introduced in the reaction 



a power source outside. Moreover, the third operation gestalt (refer to 
>ased gas into the heated reaction chamber, and activates chlorine-based 



t) Drawing 4 shows the structure and the configuration of a CVD 

. A CVD system consists of a reaction chamber 1 , a material gas feed 
)ply section 32. In a reaction chamber 1, desired Ti oxide, Zr oxide, Hf 
ofjsuch bipolar membrane is formed to the wafer substrate 5 (it is also 



the 



part in contact with cleaning gas, such as the internal surface 2 of a 
the damage by cleaning, the ingredient which is tolerant to cleaning gas 
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activated 



orif 



ths 



top 



or surface treatment, for exampty 
performed. 

[0029] In the material gas feed 
reaction chamber 1 . As for the 
amount of requests is sent into a 
raw material 14 is evaporated 
[0030] This vaporized liquid ravy 
Piping 4 1 is heated to desired 
material 14 may not carry out a 
gas 18 in a reaction chamber 1 
[0031] In the cleaning gas supph 
reaction chamber 1 . In this 
remote plasma for C12 gas 20 wi 
[0032] It activates with plasma 
plasma (RF plasma, mu wave pi; 
gas supply piping 26 by which a 
21 and Ar gas 22 are also 
[0033] In this CVD system, the 
wafers, the cleaning in (1) (2) 
preparatory work for doing the 
[0034] First, the procedure of the 
susceptor 3 is lowered and the 
conveyance opening 10. And by 
conveyance opening 10, and mo 
moving a wafer 5 to reception 
chamber 1 , a gate valve 1 1 is 
membrane formation location 
[0035] At this time, power is 
is raised to the temperature (abo 
chamber wall surface 2 and the 
with a temperature control unit 
[0036] Under such temperature s 
reaction chamber 1 with the 
material 1 4 from the material ga£ 
(several 100 - lOOOOPa of numb 
pump 12, and need time amount 
[0037] After suspending the gas 
forming request thickness, and 
susceptor 3 is lowered and the 
conveyance opening 10. And a 
5 is put on a conveyance arm by 
from the conveyance opening 1 0 
reaction chamber 1 , and a gate 
[0038] If multiple times and this 
oxide will accumulate on the 
This deposit becomes easy to 
wall surface, so that alimentatior 
gravity, electrostatic force, a 
Therefore,' before becoming such 
deposit and to defecate the inside 
[0039] The procedure of cleanin 



vilve 



Page 3 of 7 



alumite processing, hooker nickel passive state processing, etc. are 



zbne 31, the liquid raw material 14 is evaporated and it sends into a 
liquid raw material 14 extruded by the pressure of helium gas 17, the 

carburetor 16 by the liquid massflow controller 15. The sent-in liquid 
wijthin the carburetor 16 held at the elevated temperature. 

material 14 is introduced in a reaction chamber 1 through piping 41 . 
terhperature (about 100-200 degrees C) so that the vaporized liquid raw 
reliquefaction. In addition, the amount of requests can also supply 02 
wfith a massflow controller 19. 

section 32, cleaning gas is activated by the plasma and it sends in in a 
, the amount of requests is introduced into the source 24 of the 
th massflow controllers 23 and 25 with Ar gas 22. 
energy and C12 gas 20 introduced into the sources 24 of the remote 
|sma, etc.) is introduced in a reaction chamber 1 through the cleaning 
umite processing of the inner surface was carried out. Similarly, H2 gas 
, and it can introduce in a reaction chamber 1. 
iginal membrane formation activity which processes two or more 
invention, and the Puri membrane formation activity which is a 
n|iembrane formation activity of (3) original are repeated successively, 
membrane formation activity of the above (1) is explained. A 
face location is made into the level surface location of the 
opening a gate valve 1 1, moving a wafer 5 onto a susceptor 3 from the 
zing a lifter 8 up with the conveyance arm which is not illustrated, while 
from a conveyance arm and moving a conveyance arm out of a reaction 
clo|sed. Next, while lowering a lifter 8, a susceptor 3 is moved up to a 

supplied to the heater 4 embedded in the susceptor 3 from a feeder 7, and it 
ut 200-700 degrees C) of a request of a wafer 5. Similarly, the reaction 
shower head 6 are also raised to desired temperature (- 300 degrees C) 
13. 

setting out, while introducing 02 gas 18 of the amount of requests in a 
material gas of the amount of requests which evaporated the liquid raw 
feed zone 31, and a massflow controller 19, it is made the pressure 
s) of a request of the inside of a reaction chamber 1 with a vacuum 
(several minutes) membrane formation is carried out at a wafer 5. 
supply from the membrane formation gas supply section 3 1 after 
exhausting the membrane formation gas in a reaction chamber 1, a 

face location is made into the level surface location of the 
vMer 5 is lifted up with a lifter 8, a gate valve 1 1 is opened, and a wafer 
moving the conveyance arm which is not illustrated onto a susceptor 3 
, and moving a lifter 8 caudad. And a conveyance arm is moved out of a 
1 1 is closed. 

wafer membrane formation processing activity are repeated, a metallic 
internal surface 2 of a reaction chamber 1 as well as wafer 5 front face. 

in the stress which thermal stress and the film itself have from a 
increases. The deposit which separated adheres to wafer 5 front face in 
force, etc., and causes an open circuit and short circuit of wiring, 
a situation, the next cleaning is carried out, in order to remove a 
of a reaction chamber 1 . 

of this invention of the above (2) is explained. A susceptor 3 is 



separate 
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lowered and the top-face location is made into the level surface location of the conveyance opening 10. 
And with the lifter 8 to which a gate valve 1 1 is opened in, it moved onto the susceptor 3 and the 
covering wafers 40, such as a product made from an alumina, were moved up from the conveyance 
opening 10 with the conveyance arm which is not illustrated, the covering wafer 40 is moved to 
reception from a conveyance arm, a conveyance arm is moved out of a reaction chamber 1 , and a gate 
valve 1 1 is closed. Next, while lowering a lifter 8, a susceptor 3 is moved up to a membrane formation 
location. 

[0040] At this time, a susceptor .\ is made into desired temperature (about 200-700 degrees C) by 
supplying power to the heater 4 embedded in the susceptor 3 from a feeder 7. Similarly, the reaction 
chamber wall surface 2 and the shower head 6 are also made into desired temperature (- 300 degrees C) 
with a temperature control unit 13. 

[0041] Under such temperature setting out, while introducing CI activated from the cleaning gas supply 
section 32 in the amount reaction chamber 1 of requests, with a vacuum pump 12, the inside of a 
reaction chamber 1 is made into a desired pressure (several lOOOOPa), and need time amount (several 
minutes) cleaning is carried out. CI remains on the reaction chamber wall surface 2 after cleaning, and 
****** possibility is in the next membrane formation about an adverse effect. 

[0042] Therefore, after suspending supply of gas after cleaning termination and exhausting the cleaning 
gas in a reaction chamber 1, Wh: le introducing the amount of requests into the source 24 of the remote 
plasma for 32Hcleaning gas supply section 2 (hydrogen) gas 21 with a massflow controller 25, 
activating H2 gas 21 with plasma energy and introducing into a reaction chamber 1 With a vacuum 
pump 12, the inside of a reaction chamber 1 is made into a desired pressure (several lOOOOPa), and need 
time amount (several minutes) cl eaning is carried out. CI which remains on reaction chamber 1 wall 
surface now reacts with H, and is exhausted outside a reaction chamber 1 as HC1 gas. 
[0043] Then, a susceptor 3 is made lowering, the top-face location is made into the level surface location 
of the conveyance opening 10, aid the covering wafer 40 is lifted up with a lifter 8, next a gate valve 1 1 
is opened, and the covering wafer 40 is put on a conveyance arm by moving the conveyance arm which 
is not illustrated onto a susceptor 3 from the conveyance opening 10, and moving a lifter 8 caudad. And 
while moving a conveyance arm out of a reaction chamber 1, a gate valve 1 1 is closed. Now, cleaning is 
completed. 

[0044] Thus, since it is efficiently removable at the temperature of a request of Ti oxide deposited on the 
internal surface 2 of a reaction chamber 1, Zr oxide, Hf oxide, or the deposition film of such bipolar 
membrane according to this opeiation gestalt, an equipment stop time can be shortened and it is 
effective in an equipment operat ng ratio being referred to as being able to improve. 
[0045] In addition, although membrane formation conditions, such as membrane formation time amount, 
temperature, and a pressure, differ, since the procedures of the Puri membrane formation activity of the 
above (3) are the almost same work habits as the membrane formation activity of the above (1), they 
omit explanation here. The object of this activity is for securing the stability of future membrane 
formation by making containment and a front face smooth for the residual gas of the reaction chamber 
internal surface 2 after cleaning. 

[0046] (The second operation gestalt) Drawing 5 shows the structure and the configuration of a CVD 
system of the second operation gestalt. The main components of a CVD system are a reaction chamber 
1, the material gas feed zone 31, the cleaning gas supply section 33, and RF plasma section 34. 
[0047] The reaction chamber 1 has insulated the reaction chamber upper part electrically with the 
electric insulating plate 29 so the t RF plasma can be generated in a reaction chamber 1 at the time of 
cleaning. The power source 28 and matching box 27 which constitute RF plasma section 34 in this 
reaction chamber upper part are connected. 

[0048] In the material gas feed z^ne 3 1 , the liquid raw material 14 is evaporated and it sends into a 
reaction chamber 1. As for the liquid raw material 14 extruded by the pressure of helium gas 17, the 
amount of requests is sent into a carburetor 16 by the liquid massflow controller 15. The sent-in liquid 
raw material 14 is evaporated within the carburetor 16 held at the elevated temperature. 
[0049] This vaporized liquid rawf material 14 is introduced in a reaction chamber 1 through piping 41 . 
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Piping 41 is heated to desired temperature (about 100-200 degrees C) so that the vaporized liquid raw 
material 14 may not liquefy. In addition, 02 gas 18 can also be supplied in the amount reaction chamber 
1 of requests with a massflow controller 19. 

[0050] In the cleaning gas supply section 33, C12 gas 20 in this invention and H2 gas 21 are adjusted in 
the amount of requests with a rmissflow controller 25, and are introduced in a reaction chamber 1 
through a charging line. 

[0051] With the CVD system of this second operation gestalt as well as the first operation gestalt, (1) 
membrane formation activity (two or more sheet wafer processing), (2) cleaning activities, and (3) Puri 
membrane formation activity are repeated successively. 

[0052] The procedure of the membrane formation activity of the above (1) is the same as that of the 
above-mentioned first operation gestalt. One by one, if this membrane formation processing activity is 
repeated, a metallic oxide will ac cumulate on the internal surface of a reaction chamber 1 as well as 
wafer 5 front face. This deposit becomes easy to separate in the stress which thermal stress and the film 
itself have from a wall surface, so that alimentation increases. 

[0053] The deposit which separated adheres to a wafer front face by gravity, electrostatic force, a fluid 
force, etc., and causes an open circuit and short circuit of wiring. Therefore, before becoming such a 
situation, cleaning for removing a deposit and defecating the inside of a reaction chamber 1 is carried 
out. 

[0054] The procedure of cleaning of the above (2) is explained. First, a susceptor 3 is moved and the 
covering wafer 40 is moved to reception and a membrane formation location. At this time, it is made the 
temperature (about 200-700 degrees C) of a request of a susceptor 3 at the heater 4 embedded in the 
susceptor 3, and reaction chamber 1 wall surface and the shower head 6 are similarly made into desired 
temperature (- 300 degrees C) w th a temperature control unit 13. Since the above is the same as that of 
the first operation gestalt, detailed explanation is omitted. 

[0055] Under such temperature setting out, with this operation gestalt, in order to activate chlorine-based 
cleaning gas in a reaction chamber, while introducing the amount of requests of C12 gas 20 in a reaction 
chamber 1 from the cleaning gas supply section 33, it is made the pressure (several lOOOOPa) of a 
request of the inside of a reaction chamber 1 with a vacuum pump 12. 

[0056] Subsequently, power (several 100-several kW) is supplied from the RF power source 28. 
Thereby, CI plasma is generated in a reaction chamber 1, etching clearance of the deposit is carried out 
by that activated CI reacts with the deposit of reaction chamber 1 wall surface, and spatter operation, and 
the inside of a reaction chamber 1 is cleaned. CI remains on reaction chamber 1 wall surface after 
cleaning, and ****** possibility is in the next membrane formation about an adverse effect. 
[0057] Therefore, after suspending supply of gas after cleaning termination and exhausting the cleaning 
gas in a reaction chamber 1, whi e a massflow controller 25 adjusts 33Hcleaning gas supply section 2 
gas 21 in the amount of requests and introducing into a reaction chamber 1, with a vacuum pump 12, the 
inside of a reaction chamber 1 is made into a desired pressure (several lOOOOPa), and is cleaned. Now, 
CI which remains on reaction chimber 1 wall surface by cleaning reacts with H, and is exhausted 
outside a reaction chamber as HO gas. 

[0058] Then, like the first operation gestalt, a susceptor 3 is moved, the covering wafer 40 is taken out 
outside a reaction chamber 1 by :he conveyance arm, a gate valve 1 1 is closed, and cleaning is ended. 
[0059] Thus, since Ti oxide deposited on the internal surface 2 of a reaction chamber 1, Zr oxide, Hf 
oxide, or the deposition film of such bipolar membrane is efficiently removable at desired temperature 
according to this operation gesta t, an equipment stop time can be shortened and it is effective in the 
ability to improve an equipment operating ratio. 

[0060] Although the procedure cf the Puri membrane formation activity of the above (3) is the same as 
that of the membrane formation activity of the above (1) almost, membrane formation conditions, such 
as membrane formation time amount, temperature, and a pressure, differ. The object of this activity is 
for securing the stability of future membrane formation by making containment and a front face smooth 
for the residual gas of the reaction chamber internal surface 2 after cleaning. 
[0061] (The third operation gestalt) Drawing 6 shows the structure and the configuration of a CVD 
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system of the third operation gestalt. The main components of a CVD system are a reaction chamber 1 , 
the material gas feed zone 31, and the cleaning gas supply section 33. In a reaction chamber 1, desired 
Ti oxide, Zr oxide, Hf oxide, or Ihe metal oxide film of such bipolar membrane is formed to a wafer 5. 
[0062] Supply of material gas is the same as that of the first operation gestalt. That is, in the material gas 
feed zone 3 1 , after the amount o 'requests evaporates the liquid raw material 14 extruded by the pressure 
of helium gas 17 with a carburetor 16, it is introduced in a reaction chamber 1. Piping 41 is heated to 
desired temperature (about 100-::00 degrees C) so that material gas may not liquefy. In addition, the 
amount of requests can also supply 02 gas 18 in a reaction chamber 1 with a massflow controller 19. 
[0063] In the cleaning gas supply section 33 in this operation gestalt, a massflow controller 25 adjusts 
C1F gas 35 in the amount of requests, and it introduces in a reaction chamber 1 through a charging line. 
[0064] (One) membrane formation activity (two or more sheet wafer processing), (2) cleaning activities, 
and (3) Puri membrane formation activity are successively repeated like [ the CVD system of this third 
operation gestalt ] the above-mentioned first and second operation gestalten. 

[0065] About the procedure of tie membrane formation activity of the above (1), since it is the same as 
that of the above-mentioned first operation gestalt, explanation is omitted. One by one, if this membrane 
formation processing activity is repeated, a metallic oxide will accumulate on the internal surface of a 
reaction chamber 1 as well as we fer 5 front face. This deposit becomes easy to separate in the stress 
which thermal stress and the film itself have from a wall surface, so that alimentation increases. The 
deposit which separated adheres to a wafer front face in gravity, electrostatic force, and a fluid force, 
and causes an open circuit and short circuit of wiring. Therefore, before becoming such a situation, 
cleaning for removing a deposit ind defecating the inside of a reaction chamber 1 is carried out. 
[0066] The procedure of cleaning of the above (2) is explained. Since installation of the covering wafer 
40, setting out of the request temperature (about 200-700 degrees C) of a susceptor 3 and the request 
temperature (- 300 degrees C) of reaction chamber 1 wall surface and the shower head 6, etc. are the 
same as that of the above-mentic ned first and second operation gestalten, explanation is omitted. 
[0067] With this operation gesta t, under such temperature setting out, if the inside of a reaction chamber 
1 is made into a desired pressure (several lOOOOPa) with a vacuum pump 12 while introducing C1F gas 
35 in the amount reaction chamber 1 of requests from the cleaning gas supply section 33, when C1F gas 
35 is activated with heat energy, etching clearance of the deposit will be carried out and the inside of a 
reaction chamber 1 will be cleaned. 

[0068] Since CI remains on read ion chamber 1 wall surface after cleaning and ****** possibility is in 
the next membrane formation about an adverse effect, Like the operation gestalt of the above second, 
while introducing the hydrogen j;as 21 of the cleaning gas supply section into a reaction chamber 1 after 
exhausting the cleaning gas in a reaction chamber 1 If the inside of a reaction chamber 1 is made into a 
desired pressure (several lOOOOFa), Residual CI will react with H and will be exhausted outside a 
reaction chamber as HC1 gas. 

[0069] Then, like the above-mentioned first and second operation gestalten, a susceptor 3 is moved, the 
covering wafer 40 is taken out from the conveyance opening 10, and a gate valve 1 1 is closed. Now, 
cleaning is completed. 

[0070] Thus, since Ti oxide deposited on the internal surface 2 of a reaction chamber 1, Zr oxide, Hf 
oxide, or the deposition film of such bipolar membrane is efficiently removable according to this 
operation gestalt, an equipment stop time can be shortened and it is effective in an equipment operating 
ratio being referred to as being a Die to improve. 

[0071] Next, although the procedure of the Puri membrane formation activity of the above (3) is the 
same as that of the membrane formation activity of the above (1) almost, membrane formation 
conditions, such as membrane formation time amount, temperature, and a pressure, differ. When the 
object of this activity makes con ainment and a front face smooth for the residual gas of the reaction 
chamber internal surface 2 after gleaning, it is as above-mentioned that it is for securing the stability of 
future membrane formation. 
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[Brief Description of the Drawin 
[Drawing 1] It is drawing shown 
pressure. 

[Drawing 2] It is drawing showii 
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[Drawing 3] It is drawing showii 
pressure. 
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[Drawing 6] It is the sectional vi 
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[Description of Notations] 

1 Reaction Chamber 

2 Internal Surface 

3 Susceptor 

5 Si Wafer 

6 Shower Head 

10 Conveyance Opening 
12 Vacuum Pump 

14 Liquid Raw Material 

15 Liquid Massflow Controller 

1 6 Carburetor 

17 Helium Gas 

18 02 Gas 

19, 23, 25 Massflow controller 

20 C12 Gas 

21 H2 Gas 

22 Ar Gas 

24 Source of Remote Plasma 

26 Cleaning Gas Supply Piping 

27 RF Matching' Box 

28 RF Power Source 

29 Electric Insulating Plate 

3 1 Material Gas Feed Zone 

32 33 Cleaning gas supply sectic 
j4 Kx riasma oecuon 


gs] 

lg the relation.between the temperature of Zr compound, and vapor . _ 

lg the relation between the temperature of Hf compound, and vapor 

lg the relation between the temperature of Ti compound, and vapor 

iw showing the body of the semiconductor fabrication machines and 
*ation gestalten of this invention. 

2W showing the body of the semiconductor fabrication machines and 
nation gestalten of this invention. 

sw showing the body of the semiconductor fabrication machines and 
nation gestalten of this invention. 
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